Abstract. We characterized 22 polymorphic microsatellite markers for the Brazilian treefrog Bokermannohyla ibitiguara and tested their cross-amplification in B. alvarengai, B. circumdata and B. hylax. Our focal species occurs in protected and disturbed Brazilian Cerrado landscapes, a highly threatened savanna in central Brazil. Fourteen markers successfully cross-amplified for at least one congener. These microsatellites will be useful for studies of mating systems, relatedness and landscape genetics of Cerrado populations under various deforestation levels. Moreover, variable markers for B. circumdata and B. hylax will also be useful for landscape genetic studies of taxa typical of the threatened Atlantic Forest domain.
Landscape genetics explores the interaction between landscape variables and the evolutionary history of populations, thus quantifying the processes of migration and gene flow, genetic drift, and selection within and among populations (Manel et al., 2003; Holderegger and Wagner, 2008 ). Due to their high degree of polymorphism, microsatellite markers have been extensively used in landscape genetics for inference of recent demographic events, such as bottlenecks, reduced migration, and other genetic impacts of human activities (Pearse and Crandall, 2004) . However, microsatellite marker specificity is typically high (Galbusera, Dongen and Matthysen, 2000; Duryea, Brasileiro and Zamudio, 2009 ) and for most non-model organ-isms, such as the frog genus Bokermannohyla, few microsatellite markers have been developed (Eterovick et al., 2012) .
The hylid genus Bokermannohyla includes 33 species, distributed in both open and forested formations in central, south, southeastern, and northeastern Brazil (Faivovich et al., 2005; Frost, 2014) . Bokermannohyla ibitiguara (Cardoso, 1983 ) is a stream-dwelling frog endemic to the Brazilian Cerrado, typical of the Serra da Canastra, State of Minas Gerais (MG), and surrounding mountainous areas, inhabiting gallery forests in both protected and anthropogenically altered landscapes (Haddad, Andrade and Cardoso, 1988; Prado, 2012, 2014) . This species is classified as Data Deficient by the IUCN (Caramaschi and Eterovick, 2004) , thus its true conservation status is unknown, precluding inference of its actual extinction risk (Morais et al., 2013) . Very few studies have investigated the processes leading to genetic differentiation in frogs from open formations in the Neotropics (e.g., Maciel et al., 2010; Prado, Haddad and Zamudio, 2012) . The Brazilian Cerrado is the most diverse and threatened savanna in the world (Silva and Bates, 2002) ; thus, this species is an excellent model for conservation genetic studies investigating the historical processes leading to diversification in the Cerrado and the genetic consequences of landscape fragmentation.
Here we characterize 22 microsatellite markers for Bokermannohyla ibitiguara and their cross-amplification in three closely related congeners: B. alvarengai, B. circumdata, and B. hylax. Bokermannohyla alvarengai also occurs in the Brazilian Cerrado, and the last two species occur in the Atlantic Forest, a highly diverse hotspot extremely threatened due to habitat loss (Ribeiro et al., 2009) . For initial marker discovery, we created an enriched genomic library and used Illumina MiSeq next-generation sequencing to identify di-, tri-and tetra-repeats throughout the genome (Andres and Bogdanowicz, 2011 (tissue accession number: CFBH-T 11888). Genomic DNA (50-100 ng) was endonucleasedigested with AluI, RsaI, and Hpy166II, and pooled for subsequent adenylation with Klenow (exo-) and dATP. Restricted/adenylated DNA was then ligated to an Illumina Y-adaptor sequence using T4 DNA ligase in the presence of 1 mM ATP. Genomic fragments with repeats were captured by hybridization to biotinylated repeats and streptavidin-coated magnetic beads, and amplified/indexed with Platinum Taq polymerase and a pair of Illumina primers (one universal, one index primer). PCR products were quantified with a Qubit 2.0 fluorometer (Life Technologies, Carlsbad, CA), verified by electrophoresis on a 1.0% agarose gel, and size selected (300-600 bp) with AMPure beads (Beckman Coulter, Indianapolis, IN). We enabled the "design primers" function of msatcommander 1.0.3 software (Rozen and Skaletsky, 2000; Faircloth, 2008) , also enabling the "repeats" and "primers" output files. Dimeric to tetrameric microsatellites with a product size range of 150-450 bp were selected.
From the above enriched microsatellite library, we optimized a total of 22 loci for B. ibitiguara (table 1) that met the follow- Table 1 . Primer sequences (Forward -F and Reverse -R), annealing temperatures (T a ), marker sizes (bp), allelic diversity (N a ), observed (H o ) and expected (H e ) heterozygosity of 22 microsatellite loci genotyped across three Bokermannohyla ibitiguara populations. Forward primers had the following sequence added to the 5 end: CGAGTTTTCCCAGTCACGAC (see text for details).
Locus
Primer specific annealing temperatures (table 1) , and 1 min at 72°C, followed by a final extension (75°C, 5 min). We performed PCRs in 10 μl reaction volumes, with 1 μl of template DNA (1-10 ng), 1× buffer, 1.5 μM MgCl 2 , 0.1 μg/μl bovine serum albumin, 0.4 mM dNTP, 0.1 μM of the forward and reverse primers, 0.3 μM of universal dye-labelled primer, and 0.25 U Taq polymerase. PCR products included a 20 bp tag on the 5 end of the forward primer (table 1) and were co-amplified with a fluorescently tagged third 'universal' oligonucleotide that hybridized to that tag. Excoffier and Lischer, 2010) to estimate observed/expected heterozygosities for each locus and population and test for linkage disequilibrium across all pairs of loci. For B. ibitiguara, the 22 polymorphic loci ranged in allele numbers from 4-17 across all individuals (table 1). We found evidence for linkage disequilibrium between 12 pairs of loci (Bi3370/Bi1, Bi3003/Bi2312, Bi 3370/Bi2312, Bi2312/Bi3836, Bi1/Bi1397, Bi1032/Bi1397, Bi3029/Bi609, Bi2312/Bi2761, Bi1397/Bi2761, Bi1397/Bi639, Bi3836/Bi383 and Bi1397/ Bi383) across all populations. For the CM3 population, all loci were under Hardy-Weinberg Equilibrium (HWE), but two loci showed possible null alleles (Bi609 and Bi3629). For the R1 population, two loci showed deviation from HWE (Bi1 and Bi2312), both possibly with null alleles. The NSF population showed nine loci with possibility of null alleles (Bi1, Bi1032, Bi4144, Bi3836, Bi3629, Bi1397, Bi1122, Bi1521 and Bi383), the last three loci showing deviation from HWE. Null alleles can cause excess homozygosity, which in turn can cause linkage disequilibrium between markers (Sabatti and Risch, 2002) . However, excess homozygosity may also be caused by other factors such as inbreeding within populations, or recent bottlenecks (Falush, Stephens and Pritchard, 2007) . We plan further studies with larger sample sizes to investigate population-specific factors mediating genetic structure.
For the three Bokermannohyla congeners, 14 of the 22 loci showed visible PCR amplicons of the appropriate size (table 2). For B. alvarengai, seven loci were polymorphic, although two of these genotyped poorly, and two were monomorphic. Bokermannohyla circumdata individuals were genotyped at one monomorphic and ten polymorphic loci, although one of the latter genotyped poorly. For the B. hylax samples, eleven loci were polymorphic and two were monomorphic. We found no relationship between cross-amplification success and phylogenetic distance among species; B. alvarengai, which is closely related to B. ibitiguara (Faivovich et al., 2005) , showed less successful amplification than the other two more distantly-related species. Although loci varied from monomorphic to highly polymorphic for the three congeners (1-16 alleles), B. alvarengai and B. circumdata had loci with the highest numbers of alleles (16 and 15, respectively) when compared to B. hylax (9 alleles at most).
The microsatellite markers designed and optimized in this study will be useful for future landscape genetic and mating system studies in B. ibitiguara, as well as in the three additional Bokermannohyla species. Combined, these species have dominant ranges that include the threatened domains of the Brazilian Cerrado and Atlantic Forest. Successful crossamplification of the optimized markers demonstrates the utility of this technique, and increases the availability of genetic resources for this poorly known Neotropical frog genus.
